The limitations, inaccuracies, and practical difficulties of saccharogenic methods are discussed. A modified colorimetric microdetermination of amylase is described in which the digestion of starch is measured by the decrease in the starch-iodine color. Experimental data show that there are two other serum factors that can also cause a fall-off in color: (1) an immediate 10-15% depression of color, probably due to serum proteins and countered by using serum in the control; (2) an acid-serum factor causing a progressive fall-off in color subsequent to the initial depression. Iodine prevents this, and must be added as soon as the acid has been added to stop the enzyme activity. Results of 189 consecutive assays of human sera are presented. Amylase activity of duodenal aspirate has been determined simultaneously by the method described and the Lagerlof method. Results are compared. Changes in serum amylase and lipase levels in artificially produced pancreatitis in dogs are presented. Optimal conditions for amylase activity are reviewed, and in the light of these, different amyloclastic methods and their results compared. Achroic-point technics are briefly evaluated.
F OR PURPOSES OF a study on experimentally induced pancreatitis in dogs
, it was necessary to perform many assays of amylase in biologic fluids. In seeking the most suitable method, it soon became clear that the many established procedures were beset with shortcomings, and a reassessment of some aspects of these became imperative. There is increasing evidence that amyloclastic methods are far superior to the once-popular saccharogenic methods.
The latter measure the reducing substances formed from starch by the action of amylase-a collection of large and small dextrins and different polymers of maltose. As it is impossible to compile a standard for so hybrid a mixture, one can never be certain whether a particular method is measuring the total reducing power.
It is no wonder that such a diversity of results exists between the different saccharogenic methods. These anomalies are clearly reviewed by Henry and Chiamori (2) and by Somogyi (8) ,
who adds further sources of error to be guarded against. Street (11) has demonstrated serious limitations of the Somogyi method of determining the reducing power by examining "glucose recovery" in experiments where known aliquots of glucose were added to different mixtures which were then assayed. He has shown that the method is totally unreliable when blood sugar is above 150 mg./100 ml. and serum amylase is normal. This is due to interference of starch, the effect being greater when more starch is present. The possible physiochemical explanation is discussed in detail. In addition to these inaccuracies, most saccharogenic methods (with the notable exception of the picric acid micro method of Marsters et al. (4) .) use large quantities of serum to assure a reasonable gap between the reading and the blank. Further, these methods are, in general, more time-consuming and laborious than amyloclastic technics.
Finally, as maltase will add to the total reducing power of the reaction mixture, Lagerl#{246}f's saceharogenic assay of amylase in duodenal aspirate is not strictly specific (5) .
The trend, therefore, is towards the amyloclastic principle, where the breakdown of a single substance, starch, is measured by the decrease in blue color of the starch-iodine complex. At first sight this appears to be accurate, specific, and easy, but the work presented in this paper demonstrates two serum factors other than amylase which may cause a fall-off in color. These "pseudoamylase" effects have been studied. Furthermore, excellent work by Henry and Chiamori (2) has contributed facts fundamental to any amylase determination. It is in the light of all these data that a method essentially similar to that of Gomori (1) , but with several important modifications, will be described. One tube is labeled "test," the other, "control," and 1)0th are placed in a water bath at 37#{176}. After about 5 mm., 0.1 ml. serum is added to "test."
Method
The enzymatic action is stopped #{225}f-ter 30 miii. with 2 ml. 5% v/v 110504. Serum, 0.1 ml., is now added to the control, followed immediately by 2 ml. 112504.
After diluting both to about 30 ml., 0.O1N iodine, 1 ml., is added to each tube and the mixture is made up to the 50-nil. mark with distilled water. After shaking well, the tubes are left for 15-20 mm. so that the color can develop fully. An iodine blank is prepared with water, 0. The normal range for serum is 20-140 U./10 ml. serum.
The normal urine values agree with those stated by Henry and Chiamori (2), viz., random samples:
66-740 U./100 ml. urine; 6-or 24-hr. samples:
It is necessary to point out several important precautions that have resulted from our experimental work. The control should be incubated with the test, as incubated starch, being more soluble, forms a clear blue color with iodine. Contrary to observations of Gomori (1) , serum does affect the color of the control-0.1 ml. serum can depress it by as much as 15% of the true value.
It follows that 0.1 ml. serum must be added to all controls.
Further, when acid is added to the serum-starch mixture, an acid-serum factor progressively acts on the starch, pre-_-venting it from combining with iodine to an extent equivalent to 1-2 U./min.
Iodine stops this effect and should be added as soon as possible following the 112504. If more than 75% of the starch has been degraded, the test should be repeated with serum diluted 1:5 (v/v), the control now having 0.1 ml. of the diluted serum.
it is valid, where high values are expected, to read tubes after 15 mm. incubation and multiply the answer by 2. This allows for an early answer in an emergency. For urine, first dilute 1:2 (v/v) and for pancreatic juice, 1 :200 (v/v), setting up appropriate controls. For reasons to be discussed, these will have absorbances greater thaii those of the serum controls.
Results

Characteristics of Starch-Iodine Color
At room temperature, 0.6% \v/v starch exists as a hazy colloidal suspension which, with iodine, forms a coarse turbidity.
This Effects of Serum on Starch-Iodine Color Figure 1 and Tables 2 and 3 illustrate the effects of 0.1 ml. serum on the blue starch-iodine complex.
In the experiments tabulated in Table  2 
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is Eo color (Fig. 1, A-B) , and (2) a subsequent progressive fall-off in color (Fig. 1, B-D) .
This latter factor acts only in the presence of acid.
Immediate Effect if 0.1 ml. serum is added to starch amid this is followed immediately by the addition of iodine, the color obtained is only about 85% of its true value in the presence of acid, the 15% depression increasing more than fourfold if acid is withheld. A 7% human albumin preparation to the amount of 0.1 ml. acts similarly, the effect being enhanced by a more concelitrated protein solution. Furthermore, as a protein-free supernatant of serum (equivalent to 0.1 ml.) has no effect on color whatsoever, the initial depression described is probably a physical phenomenon dependent upon the serum-protein level. It follows that most sera exhibit this effect to a similar degree.
We have already shown that, at a low pH, serum intensifies the yellow color of iodine. Serum proteins, therefore, probably depress the blue starch-iodine color by acting on the starch, the latter possibly being adsorbed on to receptor surfaces on the protein molecule. in view of this supposition, other large organic anions, e.g., caffeine-sodium benzoate, were added in an attempt to compete with the starch for these receptor surfaces.
However, these were without effect. Hemoglobin also interferes with starch-iodine color in a similar way (6) , and allowance for this must be made in assay of hemolysed serum by using a separate control. The action is probably similar to that of serum proteins.
ProgressiveFaIl.off (Due to Acid-Serum Factor)
In our early experimental work, assays of amylase frequently yielded erroneous, and on occasions, even negative results. Subsequent events showed that this was related to an interesting and unexpected phenomenon:
the fault lay in the control, which was then constituted by incubating starch, serum, and acid at the same time as the test, with iodine added only after the 30-mm. incubation. (Table 3 , Exp. H and I); and different sera vary considerably in their effect, the variation being in no way related to the initial depression they produce or to their amylase activity (Table 2 and Fig. 1 D) .
Fortunately, the addition of iodine to the mixture prevents further fall-off, the final color being stable for hours.
The importance of adding iodine as soon as possible after the acid has already been stressed. The results of amylase activity (C and E) can also be seen. If starch, serum, and acid were to be incubated as a control (Fig. 1 D) , sera of low activity would give negative results (Fig. 1 C) .
That incubation of starch and acid together produces no alteration in color ( Fig. 1 A) confirms the evidence that a serum factor is responsible for this subsequent, progressive fall-off in color.
Color as Guide to Quantity of Starch Figure  2 represents two standard curves. Different aliquots of starch were incubated for 30 mm. in 50-ml. volumetric flasks and then 0.1 ml. each of serum, acid, and iodine were added, in that order.
The volume was made up to 50 ml. and the color read after 15 mm. Each point is the mean of four readings, the individual values not differing by more than 2%. This has been termed the serum-control curve. A control curve omitting serum was similarly prepared. Both graphs are nearly straight lines passing through zero, the slope of the serum control graph being approximately 13% less than the control. It is clear from the graph that the difference between a serum control and test reading (Fig. 1, B-C 
Applications
Our experiments using dog sera show that amylase values are inversely proportional to the serum dilutions. The values also increase in a roughly linear fashion with the time of incubation, and the agreement of duplicate readings provide further evidence of the accuracy of the method. The method has been used extensively for assay of amylase in various biologic fluids. At the time of writing, 189 consecutive duplicate tests on human sera have been performed.
An arbitary norm of 20-140 U./10 ml. serum was adopted from findings of other workers, and Fig.  3 shows that the majority of our results fall within this range. Results of duodenal aspirate assay by the Lagerl#{246}fand new method are set out graphically (Fig. 4) , and there is an obvious close correlation between the two methods.* The straight line passes through 0.4 Lagerl#{246}f (5) Further, although starch does vary in the amylose :amylopectin ratio, the variation between different brands of starch is less than 8%, and is thus of little practical importance. Somogyi (8) severely criticizes the use of soluble starch, a find-
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Vol. 10 and Rt the reading of the serum under assay.
In their micro method, 0.1 ml. serum is incubated with amylose for 15 mm. As the amount of amylose degradation is multiplied by 100, the units should be expressed per 10 ml. serum, not per 100 ml., as above.
One would therefore expect that, when corrected, the normal
